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1 EP 0 346 

Description 

The present invention relates in general to a 
method for controlling a flexible manufacturing sys- 
tem as set forth in claim 1 . 5 

Hitherto, in order to assemble various types of 
vehicle bodies in a common assembling line, a so- 
called "flexible manufacturing system (FMS)" has 
been used. In the assembling line of this system, 
bypass lines are associated with a work supply line 10 
for selectively supplying certain works (viz., main 
floor panels, body side panels, roof panels and the 
like) to the work supply line, and a plurality of 
locating robots and welding robots are associated 
with a vehicle body temporarily assembling device 15 
for locating and temporarily welding the works in 
accordance with informations on the type of vehicle 
bodies which are to be assembled. Each time 
changing of the type of the vehicle bodies to be 
assembled is required, a so-called "mode change 20 
means" of the asselbling device is actuated to 
change the positions at which the corresponding 
works are located by the robots. The locating ro- 
bots of this type are disclosed in Japanese Patent 
First Provisional Publication No. 62-110581. 25 

The robots employed in the above-mentioned 
assembling line are controlled by a series of con- 
trol programs executed by a computer. Thus, if the 
series of the programs has a part which is impos- 
sible to be correctly executed, subsequent opera- 30 
tion of the robots is inevitably suppressed. That is, 
hitherto, once the mode change means of the lo- 
cating robots fails to operate due to a trouble of 
hardware and/or software, the entire of the body 
assembling line is compelled to stop until the trou- 35 
ble is settled. In fact usage of numerous robots 
increases the possibity of inducing such troubles. 

"International Encyclopaedia of Robotics", Vol- 
ume 1 by Richard C. Dorf, pages 117 to 128, 
discloses a parallel multitask assembly system. 40 
Parallel-line systems are more flexible than serial- 
line systems because production volume can be 
varied readily by removing or adding stations as 
required. Also, if one station has a major failure, the 
rest of the system is not affected. Each stage of 45 
the assembly process should be closely monitored 
for error occurrence. Assembly robots must be 
able to respond to errors and take corrective action 
in real time. Thus, either the robot control system 
or a work station controller must have the ability to 50 
monitor station activities. Preferably, the memory 
capacity of the robot should be large enough to 
store program subroutines that enable the robot to 
correct or recover from problems that could occur 
in the work cell. 55 

The object of the present invention is to pro- 
vide a method for operating a flexible manufactur- 
ing system in a manner in which a high efficiency 
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is attained even when a failure of parts of the 
system occurs. 

This object is solved by a method comprising 
the steps as defined in patent claim 1. 

Preferred embodiments of this method are sub- 
ject to various subclaims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become even more 
apparent from the following description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a schematically illustrated vehicle body 
assembling line to which the present invention is 
practically applied; 

Fig. 2 is a front view of a main body assembling 
device used in the vehicle body assembling line 
of Fig. 1 ; 

Fig. 3 is a chart showing the contents of a 
sequence control executed by the main body 
assembling device; 

Figs. 4 and 5 are flowcharts showing the steps 
for dealing with possible troubles which may 
arise during operation of the vehicle body as- 
sembling device; 

Fig. 6 is a side view of the main body assem- 
bling device; 

Fig. 7 is a plan view of the main body assem- 
bling device, showing locating and welding ro- 
bots for locating and spot-welding a main floor 
panel; 

Fig. 8 is a partially sectioned side view of the 

main body assembling device; 

Fig. 9 is a side view of one of the locating 

robots mounted in the main body assembling 

device; 

Figs. 10A, 10B, 10C and 10D are drawings 
showing a manipulator portion of the other robot; 
Fig. 11 is a view similar to Fig. 9, but showing 
the detail of a sliding mechanism of an axially 
movable arm; 

Fig. 12 is a view taken from the direction of the 
arrow "XII" of Fig. 11; 

Fig. 13 is a sectional view taken along the line 
XIII-XIII of Fig. 11; 

Figs. 14A, 14B and 14C are respectively front, 
bottom and side views of a welding robot to 
which an improved wiring is practically applied; 
and 

Fig. 15 is a sectional view taken along the line 
XV-XVof Fig. 14A. 
Referring to Fig. 1 , there is shown the entire of 
a vehicle body assembling line to which the 
present invention is practically applied. 

In the drawing, denoted by numeral 11 is a 
main floor panel carrying line for carrying a main 
floor panel (viz., work), 21 is a body side panel 
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carrying line for carrying left and right body side 
panels (viz., works), and 31 is a main body assem- 
bling line for assembling a main body by locating 
and welding the main floor panel, the body side 
panels, a roof rail, an air box, a shelf panel and a 5 
rear panel (which are all works). 

The main floor panel carrying line 11 com- 
prises an overhead conveyer which includes a se- 
ries of hangers which move along the path 12 in 
the direction of the arrow "A", first and second to 
drop lifters 13 and 14 which respectively carry out 
a transfer of the main floor panel (that is, the work) 
from a line (not shown) on which the work has 
been subassembled to a selected one of the hang- 
ers and a transfer of the work from the hanger to 75 
the main body assembling line 31, and first, sec- 
ond and third switching devices 15, 16 and 17 
which selectively change the path 12. The path 12 
has a plurality (three in the illustrated embodiment) 
of storage lanes 12a arranged parallely therein and 20 
a bypass lane 12b bypassing the drop lifter 13. 
The storage lanes 12a store therein certain types 
of works respectively. 

With the arrangement of the main floor panel 
carrying line 11, the hanger having the work hung 25 
thereby is transferred to one of the storage lanes 
12a through the first switching device 15 which has 
assumed a corresponding position. The foremost 
one of the hangers (each hanging the work) in a 
selected one of the storage lanes 12a is transferred 30 
to the second drop lifter 14 through the second 
switching device 16 which has assumed a cor- 
responding position. The hanger is then lowered, 
by the drop lifter 14, to put the work onto the main 
body assembling line 31. The hanger having the 35 
work released therefrom is returned to the first 
drop lifter 13 through the path 12. As occastion 
demands, with the second drop lifter 14 being in 
rest, the hanger having the work hung thereby can 
be returned to one of the storage lanes 12a 40 
through the third switching device 17, the bypass 
line 12b and the first switching device 15. 

The body side panel carrying line 21 com- 
prises left and right sections 21 A and 21 B which 
are respectively arranged at left and right sides of 45 
the main body assembling line 31. Each section 
21 A or 21b of the line 21 comprises an overhead 
conveyer which comprises a series of hangers 
which move along the path 22 in the direction of 
the arrow "C", first and second drop lifters 23 and 50 
24 which respectively carry out a transfer of the 
body side panel (that is, the work) from a line (not 
shown) on which the work has been subassembled 
to a selected one of the hangers and a transfer of 
the work from the hanger to the main body assem- 55 
bling line 31, a switching device 25 which selec- 
tively changes the path 22, and a storage device 
26. The path 22 has a bypass lane 22a bypassing 



the first drop lifter 23. The storage device 26 com- 
prises a plurality of storage spaces 26a which are 
arranged circularly and a carrier 26b which is 
rotatably arranged in the center of the circularly 
arranged storage spaces 26a. The carrier 26b is 
rotated in the direction of the arrows to carry out a 
selective transfer of a selected work between the 
path 22, the bypass lane 22a and the carrier 26b. 

With the arrangement of the body side panel 
carrying line 21, a hanger having the work hung 
thereby is transferred by the carrier 26b to one of 
the storage spaces 26a to put the panel into the 
selected storage space, and a hanger having a 
selected work hung thereby is selected by the 
carrier 26b and transferred to the second drop lifter 
24 where the hanger is lowered to put the selected 
work onto the main body assembling line 31. The 
hanger having the work released therefrom is re- 
turned to the first drop lifter 23. As occasion de- 
mands, with the second drop lifter 24 being in rest, 
the hanger can be returned to the storage space 
26a through the switching device 25 and the by- 
pass lane 22a, as is shown by the arrow "D". 

The main body assembling line 31 comprises a 
main floor panel receiving stage 32 to which the 
main floor panel is transferred from the second 
drop lifter 14, and a side body panel receiving 
stage 33 to which the left and right side body 
panels are transferred from the left and right sec- 
ond drop lifters 24. Although not shown in the 
drawings, several loaders are associated with the 
side body panel receiving stage 33 to transfer the 
roof rail, the air box, the shelf panel and the rear 
panel to the stage 33. The main body assembling 
line 31 further comprises a main body temporarily 
assembling stage 34 which has a main body as- 
sembling device 41 mounted thereon, spot-welding 
stages 35, 36, 37 and 38 which have respective 
spot-welding robots mounted thereon, shuttle con- 
veyers 39 which convey the works to the stages 
one after another and an unloader 40 which con- 
veys a defective work to the outside of the line 
from a halfway of the spot-welding stages 35 to 38. 

Referring to Fig. 2, there is provided a view of 
the main body assembling device 41 , which view is 
taken from a front position of the device 41 with 
respect to the direction in which the works are 
conveyed. 

The main body assembling device 41 com- 
prises a parallelpiped frame structure 42 which is 
mounted over the shuttle conveyer 39, and or- 
thogonal axes type locating robots 43 which are 
mounted to opposed side portions and a lower 
portion of the parallelpiped frame structure 42 and 
othogonal axes type welding robots 44 which are 
mounted to the opposed side portions of the frame 
structure 42. Each locating robot 43 has, at a 
leading end of an arm 43a thereof, a positioning 
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hand 45 which comprises a work pedestal whose 
gauge is adjustable and a clamp mechanism hav- 
ing a clamp arm which presses the work against 
the work pedestal. The arm 43a is arranged to 
move toward or away from the interior of the frame 5 
structure 42. The work pedestal may be such a 
device as disclosed in Japanese Patent First Provi- 
sional Publication No. 59-144595. Each welding 
robot 44 has, at a leading end of an arm 44a 
thereof, a spot-welding gun 46. These robots 43 to 
and 44 are of a number control (NC) type and 
sequentially controlled by a control system (not 
shown) so that each robot 43 or 44 carries out such 
sequence jobs as depicted in the chart of Fig. 3. 

That is, in the sequence number Si, the dis- is 
tance between fingers (viz., the gauge) of the work 
pedestal of the locating robot 43 is adjusted in 
accordance with the type of vehicle bodies which 
are to be assembled, and in the sequence number 
S2, the work is held by the positioning hand 45 of 20 
the locating robot 43 and moved to a temporarily 
position with respect to other work, and in the 
sequence S3, the locating robots 43 are moved, in 
a given order so as to avoid interference between 
the works during the movement, to locate the 25 
works to predetermined positions. Then, in the sub- 
sequent sequence numbers, the welding guns 46 
of the welding robots 44 are operated to spot-weld 
the works at relatively small number of portions to 
temporarily assemble a main body 47 as is illus- 30 
trated by a phantom line in Fig. 2. Then, in the 
sequence number Sk, the positioning hand 45 of 
each locating robot 43 releases the corresponding 
work and moves to its rest position without interfer- 
ence with the released work, and in the last se- 35 
quence number S k+ i, each locating robot 43 
moves back to its rest position. 

In operation, the various works are carried, by 
the shuttle conveyer 39, into the frame structure 42 
of the main body assembling device 41. Among 40 
the works, the main floor panel is received by the 
lower locating robots 43 which are arranged under 
the frame structure 42, the left and right body side 
panels are received by the side locating robots 43 
which are arranged at the sides of the frame struc- 45 
ture 42, and the remaining works, such as the roof 
rail, air box and the like, are received by the upper 
locating robots 43 which are arranged at the upper 
part of the frame structure 42. Then, in accordance 
with the cooperative movements of the locating 50 
robots 43, these works are moved to their predeter- 
mined positions without making interference there- 
between. Then, due to work of the welding robots 
44, the main floor panel and each body side panel 
are spot-welded but temporarily and the roof rail, 55 
the air box, the shelf panel and the rear panel are 
temporarily spot-welded to the the main floor panel 
and each body side panel to constitute the tem- 



porarily assembled main body 47. The main body 
7 is then transferred, by a subsequent shuttle con- 
veyer 39, to the spot-welding stages 35, 36, 37 and 
38. 

During passing through the spot-welding 
stages 35 to 38, the main body 47 is spot-welded 
at numerous portions for increasing the mechanical 
strength of the body 47. Thereafter, the roof panel 
and the other works are welded to the main body 
7. If a defective work is found, the same is con- 
veyed to the outside of the line by the unloader 40. 

The main body assembling device 41 has a so- 
called "mode change means" which can change 
the operation modes of the locating and welding 
robots in accordance with the type of vehicle bod- 
ies which are to be assembled. 

In accordance with the present invention, the 
following measure is employed. 

If, due to failure of the finger control mecha- 
nism of the work pedestal or failure of the control 
circuit for the mechanism or failure of the control 
program to be executed or the like, the mode 
change means fails to operate normally, the follow- 
ing extraordinary operation takes place in the main 
body assembling device 41 . 

Fig. 4 is a flowchart showing the steps for 
preparation of carrying out the extraordinary as- 
sembling work. That is, at step 51, the type of 
vehicle bodies which should be continuously as- 
sembled is determined. Preferably, the type to be 
determined is the type which is produced in large 
numbers. At step 52, a hanger of the main floor 
panel carrying line 11, which is carrying a main 
floor panel different from that used in the deter- 
mined type, is returned to the storage lane 12a 
through the bypass lane 12b, and at step 53, a 
hanger of each body side panel carrying line 21, 
which is carrying a body side panel different from 
that used in the determined type, is returned to the 
storage device 26 through the bypass lane 22a, 
and at step 53, works on the main body assem- 
bling line 31 , which are different from those used in 
the determined type and have not been assembled 
yet, are conveyed to the outside of the main line 
by the unloader 40. If desired, these steps 52 to 54 
may be carried out with their order changed. 

At step 55, the work pedestal of the positioning 
hand 45 of each locating robot 43 is moved to 
assume a given position in accordance with the 
type of the vehicle bodies which are to be assem- 
bled. When, at this step, some of the work pedes- 
tals fail to operate, the same are handled manually 
to assume their given positions by stopping the 
assembling line for a while. 

At step 56, the locating robot 43 having the 
positioning hand 45 in trouble is taught to be 
suppressed from executing the program of the 
sequence No. S1 (see Fig. 3). That is, during 
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operation of the assembling device 41 , a so-called 
"shaft stopping signal" for stopping movement of a 
movable shaft is supplied to the locating robot 43 
in trouble. 

By executing the above-mentioned steps, the 5 
assembling line becomes ready for continuation of 
the vehicle body assembling. That is, thereafter, at 
least the vehicle bodies of the determined type can 
be continuously assembled by the assembling line 
in accordance with the programmed steps depicted 10 
by the flowchart of Fig. 5. 

At step 61, a judgement is effected as to 
whether the shaft stopping signal has been issued 
or not. If NO, the program flows directly to step 63. 
If YES, the program flows to step 62 to make an 15 
effective flag OFF. The effective flag is the means 
which is made ON when the actuating means, viz., 
the movable shaft for an associated work pedestal 
operates normally. The program from step 62 flows 
to step 63. 20 

At step 63, the movable shafts of a group in 
which the effective flags are kept ON are subjected 
to the startup preparation, and when the prepara- 
tion is achieved, the program flows to step 64. At 
step 64, the starting sequence number is read, and 25 
then the program flows to step 65. In case of the 
locating robots 43 which have not the above-men- 
tioned shaft stopping signal received thereby, the 
sequence jobs S1 to S k+1 (see Fig. 3) are carried 
out in order each time the program is returned 30 
from an after-mentioned step 66 to step 64. How- 
ever, in case of the locating robot 43 having the 
shaft stopping signal received thereby, the job of 
S1 is omitted. 

At step 65, programs corresponding to the 35 
sequence numbers S1, S2, ... are S k+1 are op- 
erated to carry out the jobs corresponding to these 
sequence numbers. At step 66, a judgement is 
carried out as to whether the sequence number is 
the last or not. If NO, the program is returned to 40 
step 64. If YES, the program flows to END to stop. 

Thus, by carrying out the above-mentioned 
steps, the vehicle bodies of the predetermined type 
can be assembled continuously. That is, even 
when the mode change means of the main body 45 
assembling device 41 fails to operate, the produc- 
tion of the vehicle bodies of the predetermined 
type can be continuously carried out without stop- 
ping the assembling line until a rest time of the 
assembling line. During the rest time, repairs are so 
made on the trouble of the mode change means. 
Accordingly, the loss caused by a line stop is 
suppressed. 

In the following, the construction of the main 
body assembling device 41 will be described in 55 
detail with reference to Figs. 2, 6, 7 and 8. 

Each robot 43 or 44 is slidable in a direction 
parallel with the way along which shuttle conveyer 



39 moves. For this, paired rails 110 are mounted to 
the outside portions of the frame structure 42, 
which extend along the way. That is to say, the 
paired rails 110 extend in the direction of Y-axis of 
the three dimensional rectangular coordinate sys- 
tem. Paired sliders 112 are operatively engaged 
with the rails 110. Each robot 43 or 44 has a base 
portion 114 mounted on the paired sliders 112, so 
that the robot is slidable along the way. That is, 
each robot 43 or 44 can move horizontally. It is to 
be noted that since the sliding mechanism consist- 
ing of the rails 110 and the sliders 112 is posi- 
tioned outside of the frame structure 42, the same 
is protected from being exposed to welding spat- 
tering which would arise within the frame structure 
42 by the welding robots. This means that the 
sliding mechanism can stands long use. 

As is seen from Fig. 6, several robots 43 and 
44 are supported by the same paired rails 110. 
With this arrangement, the main body assembling 
device 41 can be constructed compact in size, and 
the horizontal movement of each robot can be 
made with a high accuracy. 

In order to move each robot 43 or 44 along the 
corresponding rails 110, that is, in the direction of 
Y-axis of the rectangular coordinate system, a drive 
device is employed for each robot. The drive de- 
vice comprises a threaded shaft 116 which is 
mounted to the outside portion of the frame struc- 
ture 42 in a manner to extend horizontally. Meshed 
with the threaded shaft 116 are ball nuts 118 which 
are connected to the base portions 114 of the 
respective robots 43 and 44. A servomotor 120 is 
mounted on the base portion 114 of each robot 43 
or 44 for driving the ball nuts 118 through timing 
belts or the like. It is to be noted that two or three 
robots are driven by one threaded shaft 116. 

If desired, some of the robots may be of a so- 
called "antic ulated type robot". In this case, a 
linear motor may be used for driving such robots. 

In the following, the robots 43 and 44 which are 
located at a relatively lower portion of the frame 
structure 42 for locating and spot-welding the main 
floor panel will be described with reference to Figs. 
7 and 8. 

As is seen from Fig. 7, two pairs of locating 
and spot-welding robots 43 and 44 are arranged at 
each side of the longitudinal axis of the frame 
structure 42. The two pairs of the robots 43 and 44 
are slidably guided by the two prallel rails 110 
which extend along the axis of the frame structure 
42. The manner in which the sliders 112 are en- 
gaged with the rails 110 may be understood from 
Fig. 8. As is also seen from this drawing, the 
threaded shaft 116 is connected to the frame struc- 
ture 42 to extends horizontally. The ball nuts 118 
mounted to the base portions of the robots are 
operatively engaged with the threaded shaft 116. 
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Thus, when the ball nuts 118 are rotated by the 
servo motor 120, the robots slide along the rails 
110 horizontally, that is, in the direction parallel 
with the direction in which the shuttle conveyer 39n 
moves. 

The arm 43a of each robot 43 is movable 
toward and away from the interior of the frame 
structure 42. As is seen from Fig. 2, the movable 
arm 43a passes through the base portion 114 of 
the robot 43. A pair of parallel rails 122 and a 
threaded shaft 124 are arranged to extend in the 
direction along which the movable arm 43a moves. 
The threaded shaft 124 is rotatable about the axis 
thereof. As is seen from Fig. 6, a slider 126 and a 
ball screw (not shown) are connected to the base 
portion 114 of each robot, which are operatively 
engaged with the rails 122 and the threaded shaft 
12 respectively. A servomotor 128 is mounted to a 
lower end of the movable arm 43a, and a coupling 
130 is disposed between the servomotor 128 and 
the threaded shaft 124. When, thus, the threaded 
shaft 124 is rotated about its axis by the ser- 
vomotor 128, the ball screw and thus the robot is 
moved along the axis of the threaded shaft 124 
inwardly or outwardly with respect to the frame 
structure 42. As is shown in Fig. 8, several covers 
132 are mounted to each movable arm 43a to 
protect the sliding mechanism from spattering of 
the welding. Designated by numeral 134 (see Fig. 
8) is a balance cylinder which is connected to the 
base portion 114 for reducing load of the ser- 
vomotor 128. That is, a piston rod 134a of the 
balance cylinder 134 is connected to the leading 
end portion 43a. 

As is seen from Figs. 7 and 8, each of the two 
pairs of robots 43 and 44 which are movable along 
the common threaded shaft 116 is equipped with a 
manipulator mounting frame 136. As will be de- 
scribed hereinafter, the manipulator mounting 
frame 136 is movable in a direction perpendicular 
to both the direction in which the rails 110 extend 
and the direction in which the rails 122 extend. The 
manipulator mounting frame 136 is equipped with 
the spot-welding gun 46 (in case of welding robot) 
or a locating pin 138 (in case of locating robot). 

As is seen from Figs. 7 and 8, the manipulator 
mounting frame 136 is slidably engaged with a pair 
of parallel rails 140 mounted to the movable arm 
43a through sliders 142 fixed to the frame 136. A 
threaded shaft 144 is mounted on the movable arm 
43a to extend along the rails 140. The threaded 
shaft 144 is rotatable about its axis. A ball nut is 
fixed to the frame 136 and operatively engaged 
with the threaded shaft 144. A servomotor 146 is 
fixed to the movable arm 43a for rotatably driving 
the threaded shaft 144 through a timing belt 148. 
Thus, when the motor 146 is energized, the ma- 
nipulator mounting frame 136 is moved along the 



rails 140 in a direction perpendicular to both the 
axes of the rails 110 and 122. 

As is seen from Fig. 8, the manipulator mount- 
ing frame 136 of the welding robot 44 located 

5 behind the temporarily assembled main body 47 is 
equipped with three servomotors 150, 152 and 154 
in order to move the spot-welding gun 46 in three 
dimensional directions. While, the manipulator 
mounting frame 136 of the other welding robot 44 

w is equipped with only one servomotor 156 in order 
to move the spot-welding gun 46 about a vertical 
axis. 

The mounting frame 136 of each locating robot 
43 is equipped with a cylinder 158 for actuating the 

75 locating pin 138. 

In operation, the locating and welding robots 43 
and 44 are moved horizontally along the rails 110 
to given positions which are selected in accordance 
with the type of vehicle bodies which are to be 

20 assembled. Then, the locating robots 43 manipu- 
late the main floor panel 47a (viz., work), which has 
been conveyed into the frame strcutre 42, to locate 
the same and then the welding robots 44 operate 
to temporarily spot-weld the panel 47a to the other 

25 works (viz., side body panels and the like). It is to 
be noted that the arrangement in which several 
robots 43 and 44 are guided by the common rails 
110 facilitates the setting of the robots 43 and 44 
for different type of vehicle bodies. 

30 Referring to Figs. 9 and 1 1 , there is shown the 

detail of one of the locating robots 43. In fact, the 
robot 43 shown in the drawings is used for locating 
a side roof rail 242 (viz., work). 

As is seen from these drawings, the two rails 

35 110 are secured to an outside portion of the frame 
structure 42 in a manner to extend along the lon- 
gitudinal axis of the frame structure 42. The sliders 
112 secured to the base portion 114 of the robot 
43 are operatively engaged with the rails 110. 

40 Thus, the robot 43 moves in a direction perpen- 
dicular to the surface of the drawing, that is, in the 
direction of Y-axis of rectangular coordinate sys- 
tem. Designated by numerals 118 and 120 are the 
ball nut and the servomotor which are mounted on 

45 the base portion 1 1 4. 

As is seen from Figs. 9 and 12, the servomotor 
120 is mounted to a bracket 360 secured to the 
base portion 114. The servomotor 120 has a pulley 
362 secured to an output shaft thereof. Another 

so pulley 364 is tightly disposed about the threaded 
shaft 116 to rotate therewith. A timing belt 366 is 
put around the two pulleys 362 and 364. Des- 
ignated by numeral 368 are ball bearings which are 
used for smoothing rotation of the ball nut 118 

55 about the threaded shaft 116. Thus, upon ener- 
gization of the servomotor 120, the threaded shaft 
116 is rotated about its axis causing the ball nut 
118 to run along the shaft 116. This induces the 
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movement of the robot 43 in the direction of Y-axis. 

The robot 43 has the axially movable arm 43a 
which is projected into the interior of the frame 
structure 42 passing through the base portion 114 
of the robot 43. The arm 43a comprises an elon- 
gate frame structure 45- In order to move the arm 
43a toward the interior of the frame structure 42 
and away from the same, that is, in the direction of 
X-axis of the rectangular coordinate system, an 
encodor-equipped servomotor 210 is used. The 
servomotor 210 is mounted on a rear end of the 
arm 43a. The output shaft of the motor 210 is 
connected through a coupling 214 to a threaded 
shaft 212 which extends in parallel with the arm 
43a passing through the base portion 114. A ball 
nut 216 is operatively engaged with the threaded 
shaft 212 and secured to the base portion 114. The 
leading end of the threaded shaft 212 is rotatably 
held by a bearing 218 connected to the arm 43a. A 
pair of rails 347 are mounted on the frame struc- 
ture 345 of the arm 43a. Two pairs of sliders 349 
are secured to the base portion 1 1 4 of the robot 43 
and operatively engaged with the rails 347. 

Thus, when the servomotor 210 is energized to 
rotate the threaded shaft 212 about its axis, the 
threaded shaft 212 moves axially leftward or right- 
ward together with the arm 43a relative to the base 
portion 114 due to the meshed engagement with 
the ball nut 216. That is, with this arrangement, the 
robot 43 can move in the direction of X-axis of the 
rectangular coordinate system. 

In order to protect the rails 347 and the thread- 
ed shaft 212 from an undesirable welding spatter- 
ing, cover plates 350 and 352 are employed, which 
are arranged to cover the rails 347 and the thread- 
ed shaft 212, as will be seen from Fig. 11 . 

As is seen from Fig. 13, other cover plates 354 
and 356 are are also employed for entirely cover- 
ing the rails 347 and the threaded shaft 212. 

Referring back to Fig. 9, the arm 43a is 
equipped at its leading end with a manipulator 
mounting portion 220 which is movable in a direc- 
tion perpendicular to the direction in which the arm 
43a moves axially. That is, the manipulator mount- 
ing portion 220 is moved in the direction of Z-axis 
of the rectangular coordinate system. In order to 
achieve this movement, a servomotor 222 is used. 
The servomotor 222 is connected through a suit- 
able bracket to the leading end of the arm 43a. A 
threaded shaft 224 extending from the output shaft 
of the motor 222 is supported by the bracket. A 
ball nut 226 is operatively engaged with the thread- 
ed shaft 224 and connected to the manipulator 
mounting portion 220 through a bracket. A pair of 
rails 228 are mounted to the bracket to extend in 
parallel with the threaded shaft 224. Sliders 230 are 
connected to the manipulator mounting portion 220 
and operatively engaged with the rails 228. Thus, 



when the servomotor 222 is energized to rotate the 
threaded shaft 224 about its axis, the ball unit 226 
moves upward or downward along the threaded 
shaft 224 moving the manipulator mounting portion 

5 220 in the same direction. 

Although not shown in the drawing, a cover 
plate extends along the rails 228 to cover the 
same. With this, the rails are protected from the 
undesirable welding spattering. 

/o The manipulator mounting portion 220 com- 

prises a base portion 232 to which a cylinder 
device 234 is connected. The cylinder device 234 
has a piston rod whose leading end is pivotally 
connected to a replaceable bracket 236. The re- 

75 placeable bracket 236 is pivotally connected to the 
base portion 232 through an articulated portion 
238. Thus, in response to a reciprocating move- 
ment of the piston rod, the bracket 236 pivots 
about the articulated portion 23, that is, about an 

20 axis which is perpendicular to the major surface of 
the base portion 232. 

The bracket 236 has at its leading end a lo- 
cator 240 fixed thereto. The locator 240 functions 
to locate an outer panel 242a of the side roof rail 

25 242. The bracket 236 further has at its lower por- 
tion a yoke 244 fixed thereto. The yoke 244 has a 
cylinder 246 connected thereto. A clamping pawl 
248 is connected through a toggle mechanism 250 
to a piston rod of the cylinder 246. Thus, when the 

30 cylinder 246 is energized, the clamping pawl 248 
presses an inner pane! 242b of the side roof rail 
242 against the locator 240. 

With the arrangement as is described 
hereinabove, the unit consisting of the locator 240 

35 and the clamping pawl 248 can be moved to a 
desired position in the three dimensional rectangu- 
lar coordinate system. The unit can assume its 
operative and inoperative positions in response to 
the ON-OFF operation of the cylinder 234. 

40 Reffering to Figs. 10A, 10B, 10C and 10D, 

there is shown the detail of a manipulator portion of 
the other robot. In fact, the robot shown in the 
drawings is used for locating a side sill outer panel 
and welding the same to a side sill inner panel. 

45 In Fig. 10A, denoted by numerals 310 and 312 

are brackets which are connected to the leading 
end of the afore-mentioned axially movable arm 
43a of the robot (see Fig. 10C). Designated by 
numerals 314 and 316 are servomotors each being 

so equipped with an encoder. The servomotor 31 4 has 
a threaded shaft 318 connected to the output shaft 
thereof. The threaded shaft 318 is operatively en- 
gaged with a ball nut (no numeral) which is fixed to 
a supporting frame 320. The supporting frame 320 

55 is slidably guided by a pair of rails 322 through 
sliders 324 (see Fig. 10C). Thus, upon energization 
of the servomotor 314, the supporting frame 320 is 
moved along the rails 322, that is, in the direction 
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of Z-axis of the rectangular coordinate system. As 
is shown in Fig. 10C, another servomotor 326 is 
connected through a bracket 328 to the supporting 
frame 320. A threaded shaft 330 is supported by 
the bracket 328, which is operatively connected to 
an output shaft of the servomotor 326 through a 
pulley and a timing bolt. The threaded shaft 330 is 
operatively engaged with a ball nut 332 which is 
connected to a manipulator mounting frame 332. 
The frame 332 is slidably guided by pair of rails 
334 through sliders 336. Thus, upon energization of 
the servomotor 326, the manipulator mounting 
frame 332 moves toward or away from the interior 
of the frame structure 42, that is, in the direction of 
X-axis of the rectangular coordinate system. It is to 
be noted that the movement of the manipulator 
mounting frame 332 is carried out independently of 
the axial movement of the arm 43a. 

As is best shown in Fig. 10D, the manipulator 
mounting frame 332 is equipped with a locator 338 
for locating an upper flange 340a of the side sill 
outer panel 340. As is shown in Fig. 10C, the frame 
332 is further equipped with a welding gun 342 
near the locator 338 for spot-welding an upper 
flange 340a of the side sill outer panel 340 to an 
upper flange 344a of the side sill inner panel 344. 

Referring back to Fig. 10A, the servomotor 316 
has a threaded shaft 346 connected to an output 
shaft thereof. As is seen from Fig. 10C, the thread- 
ed shaft 346 is operatively engaged with a ball nut 
348 which is fixed to a manipulator mounting frame 
350. The manipulator mounting frame 350 is 
slidably guided by a pair of rails 352 through 
sliders 354. Thus, upon energization of the ser- 
vomotor 316, the manipulator mounting frame 350 
is moved along the rails 352 upward or downward, 
that is, in the direction of Z-axis of the rectangular 
coordinate system. 

As is seen from Fig. 10D, the manipulator 
mounting frame 350 is equipped with another ser- 
vomotor 356 which has an encoder. A pivot shaft 
358 is provided, which is driven by the servomotor 
356. A pivot arm 360 has an intermediate portion 
connected to the pivot shaft 358, so that upon 
energization of the motor 356, the pivot arm 360 
pivots about the pivot shaft 358. The pivot arm 360 
has at its leading end a locate link 362 pivotally 
connected thereto. The locate link 362 functions to 
locate a lower flange 340b of the side sill outer 
panel 340. The pivot arm 360 has at its rear end a 
stopper 364 which is engageable with a fixed plate 
366. A link 368 has one end pivotally connected to 
the leading end of the locate link 362 and the other 
end pivotally connected to the fixed plate 366. 
Thus, the link 368, the locate link 362 and the pivot 
arm 360 constitute a so-called "parallel link mecha- 
nism". Due to this mechanism, the upper end of 
the locate link 362 is parallelly moved in response 



to the pivotal movement of the pivot arm 360, 
improving the locating function of the locate link 
362. 

As is seen from Fig. 10A, the locate link 362 
5 has an arm 370 connected thereto through a brack- 
et 372. The arm 370 is projected in the direction of 
Y-axis of the rectangular coordinate system. A 
welding gun 374 is connected to the leading end of 
the arm 370, which spot-welds the lower flange 

io 340b of the side sill outer panel 340 to the lower 
flange 344b of the side sill inner panel 344. 

In order to operate the above-mentioned robot, 
the following steps are carried out. 

By energizing the servomotors 120 and 210 

15 (see Fig. 9), the axially movable arm 43a to which 
the two manipulator mounting frames 332 and 350 
are connected is moved to a certain position. 
When, under this, the other servomotors 314 and 
316 are energized, the locator 51 is moved to a 

20 position to face the upper flange 340a of the side 
sill outer panel 340 and the locate link 362 is 
moved to a position to face the lower flange 340b 
of the side sill outer panel 340, and at the same 
time, the paired welding electrodes of the welding 

25 gun 342 are brought to a position to put there- 
between the upper flanges 340a and 344a of the 
panels 340 and 344 and the paired welding elec- 
trods of the other welding gun 374 are brought to a 
position to put therebetween the lower flanges 

30 340b and 344b of the panels 340 and 344. Then, 
by energining the servomotor 326, the manipulator 
mounting frame 332 is moved to a position wherein 
the locator 338 establishes the location of the up- 
per flange 340a of the side sill outer panel 340, and 

35 then by energizing the servomotor 356, the locate 
link 362 establishes the location of the lower flange 
340b. Thereafter, the two welding guns 342 and 
374 are energized to effect the temporary spot- 
welding to the upper and lower flanges 340a, 344a, 

40 340b and 344b. 

It is to be noted that since, in the robots shown 
in Figs. 9, 10A, 10B, 10C and 10D, the base 
portion 114 of each robot is arranged outside of the 
frame structure 42, the effective length of the arm 

45 43a can be increased as compared with a case 
wherein the base portion is arranged inside of the 
frame structure 42. 

Referring to Figs. 14A, 14B, 14C and 15, there 
is shown a welding robot to which an improved 

so wiring is practically applied. The robot is of an 
orthogonal axes type. 

Similar to the case of the afore-mentioned ro- 
bots, the welding robot shown in the drawings 
comprises two rails 110 which are mounted on 

55 outer portions of the frame structure 42 to extend 
horizontally. A base portion 114 of the robot has 
sliders 112 operatively engaged with the rails 110. 
A threaded shaft 116 extends in parallel with the 
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rails 110, which is rotatably held by the frame 
structure 42. A ball nut 118 is rotatably held by the 
base portion 1 1 4 and operatively engaged with the 
threaded shaft 116. A servomotor 120 is mounted 
on the base portion 114 and drivingly engaged with 5 
the threaded shaft 116 through a timing belt 366. 
Thus, upon energization of the motor 120, the base 
portion 114 moves along the rails, that is, in the 
direction of Y-axis of the rectangular coordinate 
system. to 

An axially movable arm 43a is slidably held by 
the base portion 114. As is understood from Fig. 
15, the axially movable arm 43a comprises two 
rectangular hollow metal members 390a and 390b 
which are connected through a plurality of hollow 75 
struts 390c. The arm 43a has two parallel rails 47 
mounted thereon. Four sliders 49 held by the base 
portion 114 are operatively engaged with the rails 
47. A threaded shaft 212 is rotatably held by the 
arm 43a and extends in parallel with the rails 47. 20 
The threaded shaft 212 is connected through a 
coupling 214 to a servomotor 210 which is moun- 
ted on a rear end of the arm 43a. A ball nut 216 
held by the base portion 114 is operatively en- 
gaged with the threaded shaft 212. Thus, upon 25 
energization of the motor 210, the arm 43a moves 
along the rails 47 toward and away from the interior 
of the frame structre 42, that is, in the direction of 
X-axis of the rectangular coordinate system. 

The arm 43a has at its inward end two verti- 30 
cally extending rails 228 secured thereto. A ma- 
nipulator mounting frame 220 has four sliders 230 
operatively engaged with the rails 228. A threaded 
shaft 224 is held by the manipulator mounting 
frame 220, which extends in parallel with the rails 35 
228. A ball nut 226 held by the manipulator mount- 
ing frame 220 is operatively engaged with the 
threaded shaft 224. A servomotor 222 is connected 
to the inward end of the arm 43a and drivingly 
connected through a timing belt 380 to the thread- 40 
ed shaft 224 to drive the same. Thus, upon ener- 
gization of the motor 222, the manipulator mount- 
ing frame 220 moves vertically along the rails 228, 
that is, in the direction of 2-axis of the rectangular 
coordinate system. 45 

The mainipulator mounting frame 220 has a 
supporting member 382 secured thereto. The sup- 
porting member 382 supports thereon a servomo- 
tor 384 and a speed reduction gear 386. An output 
shaft 384a of the servomotor 384 is connected to 50 
an input shaft 386a (see Fig. 14B) of the reduction 
gear 386. An output portion 386b of the gear 386 is 
equipped with a movable bracket 388. Thus, upon 
energization of the motor 384, the movable bracket 
388 turns slowly about a given axis "R". 55 

The movable bracket 388 supports thereon an 
equalizing mechanism 392a, an air-cylinder actu- 
ated welding gun 392 and a transformer 394. 



The arm 43a has at its rear end an electromag- 
neticaliy operated air valve 396 and a controller 
398. The air valve 396 controls the cylinder of the 
welding gun 392. 

The above-mentioned parts are electrically 
connected through an improved wiring which will 
be described in the following. 

Although not shown in the drawings, operations 
of the parts are controlled by a control unit. Signal 
transmission wires 400, 402, 404 and 406 are used 
for electrically connecting the above-mentioned 
servomotors 120, 210, 222 and 384 to the control 
unit. For connecting the control unit with the above- 
mentined controller 398 and a limit switch installed 
in the welding gun 392, two signal transmission 
wires 408 and 410 are used. A primary cable 412 
is used for connecting a timer (not shown) to the 
transformer 394. Two air hoses 414 are used for 
connecting the air cylinder of the welding gun 392 
to the electromagnetically operated air valve 396. 

As is seen from Fig. 15, the wires 404, 406 and 
410 and the two air hoses 414 are installed in one 
of the hollow members 390a and 390b of the arm 
43a. While, the primary cable 412 is installed in the 
other of the hollow members 390a and 390b. 

During operation, drive signals are supplied 
from the control unit to the servomotors 120, 210, 
222 and 384 through the signal transmission wires 
400, 402, 404 and 406 to operate the servomotors, 
and position representing signals are supplied from 
the servomotors to the control unit through the 
same wires. Due to the reasons which have been 
mentioned hereinabove, the welding gun 392 is 
movable in the three dimensional directions, that is, 
in the directions of X, Y and Z axes of the rectan- 
gular coordinate system. Furthermore, the welding 
gun 392 is rotatable about the given axis "R" 
relative to the mainpulator mounting frame 220. 

Since the primary cable 412 is installed in the 
electromagnetically sealed hollow member 390a 
and the signal transmitting wires 404, 406 and 410 
are installed in the other electromagnetically sealed 
hollow member 390b, the signal transmitting cables 
are protected from noises which are produced by 
the primary cable 412. 

Claims 

1. A method for operating a flexible manufactur- 
ing system for assembling various types of 
vehicle bodies according to a programmed se- 
quence (Si-S k+1 ) in a normal mode in which 
parts for one type vehicle of body are supplied 
along various automated lines (S2) to an as- 
sembly device which includes a plurality of 
locating and welding robots operated under 
program control to carry out an assembly pro- 
cess (S 3 ) to locate said parts and weld said 
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parts, and to carry out a mode change process 

(Si) to change the positions of said locating 

and welding robots to enable the production of 

a different type of said vehicle bodies through 

a subsequent assembly process; said method 5 

comprising the following steps 

sensing (61) a disability of one of said locating 

robots and said welding robots to carry out 

said mode change process (Si ); 

selecting (51,62), in response to the sensed 10 

disability, one different type of said vehicle 

bodies which can be manufactured at said 

assembly device without using the disabled 

robot; and 

carrying out an extra program control (64-66) 75 
of remaining nondisabled robots to permit as- 
sembly of said selected vehicle body. 

2. A method as claimed in claim 1, further com- 
prising, before the step of carrying out said 20 
extra program control, 

stopping (56) the robot in trouble; and 
returning (52-54) any of said parts for the ve- 
hicle bodies other than said selected type ve- 
hicle body to storage. 25 

3. A method as claimed in claim 2, further com- 
prising, before the step of stopping the robot in 
trouble, 

eliminating (62) a program control of the mode 30 
change operation (SO of the said disabled 
robot. 

4. A method as claimed in claim 3, in which the 
step of eliminating the program control (62) of 35 
the mode change operation of said disabled 
robot includes, 

manually positioning said disabled robot to a 
mode postion for carrying out assembly of said 
selected type vehicle body if said disabled ao 
robot is out of position. 

Patentanspruche 

1. Verfahren zum Betreiben eines flexiblen Ferti- 45 
gungssystems zum Zusammenbauen verschie- 
dener Typen von Fahrzeugkarosserien nach 
MaBgabe einer programmierten Sequenz (Si 
bis S k+ i) in einem normalen Modus, in dem 
Teile eines Fahrzeugkarosserietyps entlang 50 
verschiedener automatisierter Fertigungsstra- 
Ben (S2) einem Zusammenbaugerat zugefuhrt 
werden, das eine Vielzahl von Positions- und 
Schweiflrobotern aufweist, die unter einer Pro- 
grammsteuerung betrieben werden, urn einen 55 
Zusammenbauvorgang (S3) auszufdhren zum 
Positionieren der Teile und SchweiBen der Tei- 
le und zum AusfUhren eines Modusumschalt- 
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vorgangs (Si), urn die Positionen der Positio- 
nier- und SchweiBroboter zu verandern, um die 
Produktion eines verschiedenen Typs von 
Fahrzeugkarosserien mittels eines nachfolgen- 
den Zusammeribauvorgangs zu ermoglichen, 
wobei das Verfahren folgende Schritte auf- 
weist: 

Erfassen (61) einer Funktionsunfahigkeit eines 
Positionierroboters oder eines Schweifirobo- 
ters, um den Modusumschaltvorgang (Si) vor- 
zunehmen; 

Auswahlen (51, 62), im Ansprechen auf die 
erfaBte Funktionsunfahigkeit, eines anderen 
Typs von Fahrzeugkarosserien, die von dem 
Zusammenbaugerat hergestellt werden kon- 
nen, ohne den funktionsunfahigen Roboter zu 
verwenden; und 

Ausfuhren einer zusatzlichen Prog ram msteue- 
rung (64-66) fur die verbleibenden funktionsfa- 
higen Roboter, um den Zusammenbau der 
ausgewahlten Fahrzeugkarosserie zu ermQgli- 
chen. 

2. Verfahren nach Anspruch 1, weiterhin umfas- 
send die folgenden Schritte, vor dem Schritt 
des AusfOhrens der zusatzlichen Programm- 
steuerung: 

Anhalten (56) den funktionsunfahigen Roboter; 
und 

Zuruckbringen (52-54) alls Teile fur diejenigen 
Fahrzeugkarosserien, die verschieden von dem 
ausgewahlten Typ von Fahrzeugkarosserien 
sind, in einen Speicher. 

3. Verfahren nach Anspruch 2, weiterhin umfas- 
send den folgenden Schritt, bevor der Schritt 
des Anhaltens des funktionsunfahigen Robo- 
ters ausgeftihrt wird: 

Eliminieren (62) einer Programmsteuerung des 
Modusumschaltvorgangs (Si ) des funktionsun- 
fahigen Roboters. 

4. Verfahren nach Anspruch 3, worin der Schritt 
des Eliminierens der Programmsteuerung (62) 
des Modusumschaltvorgangs des funktionsun- 
fahigen Roboters folgenden Schritt umfaBt: 
manuelles Positionieren des funktionsunfahi- 
gen Roboters in eine Modusposition zum Aus- 
fuhren des Zusammenbaus des ausgewahlten 
Typs von Fahrzeugkarosserien, wenn der funk- 
tionsunfahige Roboter sich auBerhalb der Posi- 
tion befindet. 

Revendications 

1. Proc^de* de fonctionnement d'un systeme de 
fabrication flexible pour assembler divers types 
de caisses de vShicule selon une sequence 
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programme (Si-S k+ i) en mode normal dans 
lequel des pieces pour un type de caisse de 
vehicule sont fournies le long de diverses cha?- 
nes automatiques (S2) a un dispositif d'assem- 
blage qui comporte plusieurs robots de locali- 5 
sation et de soudage qui fonctionnent sous 
commande par programme pour executer un 
procede d'assemblage (S3) pour placer lesdi- 
tes pieces et souder lesdites pieces, et pour 
executer un procede de changement de mode 10 
(Si) pour changer les positions des robots de 
localisation et de soudage pour permettre la 
production d'un type different desdites caisses 
de vehicule par un procede* d'assemblage sub- 
sequent; ledit procede comprenant les etapes 75 
consistant a : 

capter (61) une invalidation d'un desdits 
robots de localisation et desdits robots de sou- 
dage pour executer lesdits procedes de chan- 
gement de mode (Si ); 20 

choisir(51 ,62), en r^ponse a ladite invalida- 
tion capte*e, un type different desdites caisses 
de vehicule qui peut etre fabrique* audit dispo- 
sitif d'assemblage sans utiliser le robot invali- 
ded et 25 

executer une commande supplemental 
par programme (64-66) des robots restants qui 
ne sont pas invalides pour permettre I'assem- 
blage de ladite caisse de vehicule selection- 
nee. 30 

2. Procede* selon la revendication 1, comprenant 
en outre, avant I'eMape consistant a executer 
ladite commande supplemental par program- 
me, 35 

l'arr§t (56) du robot qui pose probleme ; et 
le retour (52-54) de toutes les pieces de 
caisses de vehicule autres que celles requises 
pour ledit type de caisse de vehicule choisi a 
I'endroit de stockage. 40 

3. ProcSde* selon la revendication 2, comprenant 
en outre, avant l'e*tape d'arret du robot qui 
pose probleme, 

Termination (62) d'une commande par pro- 45 
gramme de rope* ration de changement de 
mode (Si) dudit robot invalided 

4. Procede* selon la revendication 3, dans lequel 
I'etape consistant a 6liminer la commande par 50 
programme (62) de rope 1 ration de changement 

de mode dudit robot invalide* inclut 

le positionnement manuel dudit robot inva- 
lide* a une position de mode pour executer 
('assemblage dudit type de caisse de vehicule 55 
sSlectionne* si ledit robot invalide* n'est pas en 
position. 
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